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Abstract 
Electrically conductive polycrystalline composite diamond (EC-PCD) material, which consists of electrically conductive diamond 
particles, has recently been developed for the purpose of providing the material with both excellent tool property and machinability. 
This paper deals with material properties and electrical discharge machinability of EC-PCD. The result shows that the EC-PCD is 
superior in heat resistance to conventional PCD by a factor of about 200°C. And the EC-PCD shows low frictional wear at high 
temperature in a sliding test against a stainless steel disk. Furthermore, processing speed of EC-PCD is more than 7 times higher 
than that of conventional PCD in EDM. 
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1. Introduction 
Polycrystalline Composite Diamond (PCD) is 
manufactured by sintering fine diamond particles under 
high pressure and high temperature adding some 
quantity of cobalt as a catalyst (solvent), where diamond 
particles are strongly bonded with each other by 
intergrowth, thus it has properties of high hardness and 
chipping resistance at the same time. In addition, a large 
PCD disc having a diameter of 70mm is commercially 
available now. This makes it possible to respond to a 
requirement for large sized products [1]. 
Though PCD is used mainly as cutting tools, wear 
resistant tools and wear parts, its application to a wheel 
for fine machining or a long lasting electrode for EDM 
(electro discharge machining) has been recently 
reported. For processing these PCD components, EDM 
or grinding technique is generally adopted. However in 
grinding, low machining efficiency and high cost have 
come to an issue, since the diamond wheel in use easily 
gets grazed because of the diamond contained in PCD at 
a rate of higher than 90%. Situation is the same in EDM, 
which means that only 10 % of cobalt contained makes it 
possible to process PCD by EDM, but with its unstable 
machining and low efficiency, it is said to be difficult to 
achieve high quality machining. This is because the 
diamond particles themselves are electrically non-
conductive. 
In order to cope with the above mentioned problems 
attached to PCD processing, it is essential to introduce a 
new PCD possessing excellent tool property and good 
machinability at the same time. Authors have succeeded 
in experimental manufacture of a unique PCD using 
boron-doped electrically conductive diamond particles in 
place of non-conductive diamond particles normally 
used for existing PCD. It is certainly electrically 
conductive PCD, EC-PCD in short. 
With an eye to apply this unique PCD (EC-PCD, 
hereinafter) to various tools and mechanical parts, 
resistivity and thermal properties were investigated to 
gain an understanding of the EC-PCD that was 
manufactured experimentally. As a next step, sliding 
wear characteristics of EC-PCD was investigated in the 
pin-on-disc experiment using a metal disc, and electrical 
discharge machinability was compared with 
conventional PCD (C-PCD, hereinafter). 
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2. EC-PCD made up of electrically conductive 
diamond 
Schematic diagram describing structure of EC-PCD 
are shown in Fig.1. And principal physical properties are 
shown in Table 1. In PCD, diamond particles are inter-
grown with each other on a tungsten carbide substrate by 
sintering under high pressure and high temperature 
condition. In EC-PCD, boron-doped diamond with 
electrical conductivity is used when sintering. Four 
different grades of EC-PCD were manufactured with a 
particle size of φ2, 5, 10 and 25µm, respectively. 
Properties and application examples are shown in 
Fig.2. Specific research tasks for EC-PCD are as 
follows, i) To understand material properties. ii) To 
investigation machinability and machining method. iii) 
To develop applications (as a tool and other new 
applications) taking advantages of the new PCD. In the 
first task, importance is in improving material properties 
by using boron doped diamond. The second task is 
concerning a new machining technique to improve 
machinability (both by EDM and grinding) of the PCD 
that has been said to be the hardest to machine. The third 
task is to investigate tool characteristics of EC-PCD 
when it is used as a tool and to develop applications of 
various parts made of the PCD having new properties. 
3. Material property 
3.1. Resistivity Measurement 
Resistivity of the PCD was measured by four-point 
probe method. Principle of the measurement and 
measuring device were shown in Fig.3. Resistivity was 
measured on C-PCD and EC-PCD made up of diamond 
particles with particle size of 10µm and 25µm. 
Hereinafter, they may be described as PCD(010) or 
PCD(025) for the sake of shorthand. Specimens prepared 
for the measurement were PCD parts with a tungsten 
carbide substrate removed, and the dimension was 3mm 
width, 10mm length and 0.5mm thickness. Results of the 
resistivity measurement were shown in Fig.4. Beyond 
expectation, measured resistivity of 4 kinds of PCD was 
similar with the value in the order of 10-4. This is 
thought to be due to the presence of cobalt that has high 
thermal conductivity. With regard to the C-PCD 
especially made up of large sized diamond particles 
(25µm), measurement was difficult depending on which 
part the probes contacted. In some cases, current didn’t 
Table 1. Comparison between two kinds of PCD 
 C-PCD EC-PCD 
Basic ingredient 
(diamond particles) 
Conventional HPHT 
diamond 
B doped HPHT 
diamond 
Specific resistance 
of diamond particles  − ~ 10
-4
 Ω·m 
Thermal conductivity 
of diamond particles  − 500~600 W/m·K 
Size of diamond 
particles φ2, 10, 25 µm φ2, 5, 10, 25 µm 
Binder material Cobalt Cobalt 
Rate of diamond 
content ≈ 90 mol.% ≈ 90 mol.% 
 
Property of EC-PCD = High electrical 
conductivity High thermal resistance 
Chemical reaction 
resistance (Hardness) 
 
     
Methods to process EC-
PCD =
EDM 
Grinding assisted with 
electric current 
Resistance heating 
assisted DFP ECM 
*High stock removal rate 
*Superior surface roughness 
*Grinding assisted with EDM 
*Stable grinding force 
*High stock removal rate 
*Method with stainless disc tool 
*Low pressure &sliding velocity 
*High stock removal rate 
*Electrochemical machining 
*Abrasive machining with ECM 
*Better surface quality 
 
     
Application of EC-PCD = Electrode for EDM Cutting tool Drill bit for mining Wear Parts 
*Almost zero wear electrode  *Due to thermal resistance *Electrically conductive parts 
Fig.2 Properties and application of EC-PCD 
PCD layer 
WC substrate 
Cobalt 
Electrically 
conductive diamond 
(b) Electrically conductive 
PCD (EC-PCD) 
(a) Conventional PCD 
(C-PCD) 
Electrically 
non-conductive 
diamond 
 Fig.1 Schematic diagrams describing structure of EC-PCD 
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pass through the PCD specimen. The value shown in 
Fig.4 for C-PCD(025) is a value when measurement was 
successfully made. 
3.2. Heat resistance 
Heat resistance test was carried out on C-PCD(010) 
and EC-PCD(010) in the oxidation atmospheric oven. 
In this test, PCD was set in the oven pre-heated to each 
set temperature and left there for 30 minutes at the 
maintained temperature, and then cooled down naturally 
in the air. SEM observations of the PCD after the test are 
shown in Fig.5. At the set temperature of 700°C, 
damages due to diamonds’ oxidation could be seen 
notably along the grain boundaries on the surface of C-
PCD, while any notable change was observed on the 
surface of EC-PCD. At a higher temperature, i.e. 750°C, 
surface damage on C-PCD got harder and irregularity 
became larger, while damage on the diamond particles 
was a little on the EC-PCD. Though precise analysis 
would be needed before assertion, it can be deduced that 
EC-PCD is more heat resistant than C-PCD. For this 
reason, it is expected that EC-PCD exhibits superior heat 
resistance when it is used as a cutting tool or grinding 
tool. 
3.3. Friction wear test 
3.3.1 Experimental device and conditions  
In order to investigate friction wear characteristics of 
EC-PCD, pin-on-disc test using ferrous metal was 
carried out as shown in Fig.6. Stainless steel disc 
(SUS304, φ240mm) was used as a sliding disc. 
Frictional wear characteristics under high temperature 
condition were also investigated by applying electrical 
current to the PCD specimen during sliding. The 
experiment was conducted on the vertical MC, and the 
disc surface was finish cut to a roughness of about 
Rz=0.9µm before the experiment. For resistance heating, 
alternate current source was used. As a PCD specimen, 
C-PCD(010) and EC-PCD(010) were used. Dimension 
of the specimen was 3mm×1mm. 
3.3.2 Results of the Frictional Wear Experiment 
Experimental conditions are: sliding speed 
VS=2500m/min, pressure P=7MPa, and sliding duration 
t=1min. To obtain flatness and smoothness on the 
machined surface, the specimen was oscillated toward 
radial direction, and temperature of the PCD during 
sliding was measured by thermography. Results are 
shown in Fig.7. In the normal frictional wear test, 
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EC-PCD 
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Fig.5 Surface condition of C-PCD and EC-PCD after heat resistance test 
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Fig.3 Resistivity measurement of PCD by 4-point probe method 
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surface temperature of the EC-PCD(010) was higher 
compared with that of the C-PCD. On the other hand, 
when resistance heating was applied during frictional 
wear test, wear rate increased on both types of PCD 
along with temperature rise, but the wear rate was lower 
such as 110~120µm/min in EC-PCD(010) compared to 
the rate of 110~180µm/min in C-PCD. This appears to 
be related to the higher heat resistance of EC-PCD. 
4. Machinability of EC-PCD in die sinking EDM 
4.1. Experimental methodology and conditions 
A PCD workpiece wire cut to a specified dimension 
was placed downward underneath the spindle, and a 
copper electrode (t=0.5mm) was set upward on the 
table. An area to be EDMed is 
A=5mm×0.5mm=2.5mm2. Figure 8 shows experimental 
diagram and appearance, and Table 2 shows 
experimental conditions. As for polarity, the electrode 
was set to “+” and the workpiece (PCD) was set to “-”. 
Three different kinds of set current iP, namely 1.9A 
(0.76A/mm2), 3A (1.2A/mm2) and 9A (3.6A/mm2) were 
used, and pulse condition te/to was set to 20/20µs. 
During EDM processing, working oil was jet flowed 
through a nozzle. Set machining depth was 200µm, but 
when machining time exceeded 60 minutes, experiment 
was stopped though machining depth didn’t reach 
200µm, and evaluation was made. Two grades of PCD, 
namely PCD(010) and PCD(025), were used. 
4.2. Results and consideration 
Comparison result of EDM property between C-PCD 
and EC-PCD are shown in Fig.9. 
4.2.1 Machining speed 
When C-PCD was EDMed at 1.9A, machining didn’t 
proceed at all, so the experiment was discontinued after 
30 minutes from judgment that further machining was 
impossible. When the current was 3A as well, machining 
was stopped at the machining depth of 100µm (approx. 
210min). With EC-PCD, machining could be proceeded 
up to the depth of h0=200µm with no problem at any 
level of current. When comparing the machining speed, 
EC-PCD showed a great advantage as shown in Fig. 9(a), 
where machining speed on EC-PCD was 40 times higher 
than the case of C-PCD. 
4.2.2 Roughness of the machined surface 
While roughness of C-PCD(025) was 
Rz=13.2~21.8µm, the same on EC-PCD(025) was far 
better such as Rz=4.25~5.33µm as shown in Fig. 9(b). 

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PCD	
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Fig.8 Schematic diagram of die sinking EDM on PCD 
Electrode 
(Cu) 
Polarity [+] Feed 
Workpiece 
(PCD) 
Polarity [-] 
Table 2 Experimental conditions for die sinking EDM 
Machine used Linear motor driven EDM machine (Sodick) 
Electrode 
Copper (Cu): 19×19×t0.5mm, Polarity “+” 
Rotating electrode (for sharp edge profiling): 
φ30×t0.5mm, Polarity “-” 
Workpiece 
EC-PCD (Diamond particle size 10 & 25µm): 
5×8×tPCD0.7mm, Polarity “-” 
C-PCD (Diamond particle size 10 & 25µm): 
5×8×tPCD0.4mm, Polarity “-” 
Working fluid Oil (With jet flow) (Sodick) 
EDM 
conditions 
ui=90V, SV=60V, iP=1.9~9A, te/to=20/20µs, 
No jump, A=5×0.5mm2, Set depth: h0=200µm 
 
 
Rotation speed: VS
Metal disc 
(Stainless steel) 
PCD work 
(Resistivity: R)
Loading pressure: P
< Joule’s heating: Q=R i2 t >
Fig.6 Pin-on-disc test by the help of electrical current 
 
0 200 400 600 800
0
50
100
150
200
250
Fr
ic
tio
n
a
l w
e
a
r 
ra
te
 
 
µm
/m
in
Maximum surface temp.  °C
C-PCD(010)
EC-PCD(010)
(a) Without resistance heating 
0 200 400 600 800
0
50
100
150
200
250
C-PCD(010)
EC-PCD(010)
Fr
ic
tio
n
a
l w
e
a
r 
ra
te
 
 
µm
/m
in
Maximum surface temp.  °C
(b) With resistance heating 
(uset=30V) 
Fig.7 Comparison of frictional wear rate in pin-on-disc test 
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4.3. Comparison of EDM property in single 
pulse EDM experiment 
In order to consider EDM mechanism on 
EC-PCD, single pulse EDM experiment was 
carried out on 2 types of PCD as shown in 
Fig.10. A needle shape metallic electrode was 
used. The observations by using a 3D laser 
microscope were compared as shown in Fig.11. 
On C-PCD, deep discharge traces can be seen 
as a sign that discharge was focused on the 
cobalt part. On the other hand, shallow and 
large discharge traces can be seen on EC-PCD 
as a sign that diamond itself was also 
discharged. Further continuation of this 
development might bring about a better surface 
quality on the EC-PCD despite high machining 
efficiency. 
4.4. Applications of EDM 
4.4.1 An attempt of fine discharge profiling using a 
rotating electrode 
Creation of a sharp edge profile (apex angle=30°) on 
an end face of EC-PCD(010) was attempted using a 
rotating electrode. As shown in Fig 12, plain surface 
area on both sides of the apex angle was made flat, and 
edge line of the apex angle was processed to a sharp 
edge of around 2~3µm. 
4.4.2 An attempt of making fine holes using a copper 
electrode 
In general it is impossible to make a fine hole into C-
PCD made up of course diamond particles such as 25µm. 
Fig.10 Schematic of single 
pulse experiment 
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(a) Machining speed  (b) Surface roughness 
Fig.9 Results of die sinking EDM on C-PCD(025) and EC-PCD(025) 
(Cu electrode, ui=90V, SV=60V, te/to=20/20µs, A=5×0.5mm2, h0=200µm) 
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Fig.11 Images of the surface generated by single pulse EDM with a needle shape electrode 
(Needle electrode, PCD(025), iP=3.0A, ui=90V, SV=60V, te/to= 1/1500µs) 
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This time, hole making was attempted against EC-
PCD(025) using a thin copper electrode and obtained a 
good result with rather smooth surface without chipping 
as shown in Fig.13. 
5. Conclusion 
It has been made clear that in comparison with 
conventional PCD, newly developed EC-PCD is 
superior in heat resistance, shows less wear in sliding 
friction test using a stainless disc tool in particular under 
high temperature condition, and exhibits same degree of 
wear characteristics as that of existing C-PCD. In 
addition, excellent EDM characteristics were confirmed 
even in making fine holes onto the EC-PCD test piece. 
From now on, the authors would like to investigate 
manufacturing method of various EC-PCD tools 
(cutting, grinding and EDM tools) utilizing its excellent 
EDM machinability, and to apply them to wide variety 
of machining. 
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Fig.13 Example of fine hole processing on EC-PCD(025) 
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Fig.12 Profiling a sharp edge onto EC-PCD (010) (Apex angle 30°) 
(EC-PCD(010), Rotating electrode, ui=90V, rough and finish EDM) 
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